The early growth response 1 (Egr-1) transcription factor is rapidly induced by various stimuli and is implicated in the regulation of cell growth, differentiation, and gene expression. The aim of this study was to examine the effect of Helicobacter pylori on the expression of Egr-1 and Egr-1-regulated genes in gastric epithelial AGS cells. Egr-1 expression was assayed by immunoblotting and electrophoretic mobility shift assays using H. pylori-stimulated AGS cells. Transient transfection experiments with promoter-reporter constructs of CD44, ICAM-1, and CD95L were used for expression studies. Helicobacter pylori is recognized as the major cause of gastritis and duodenal ulceration and as a dominant factor in gastric cancer (28, 36, 39) . The exposure of gastric epithelial cells to H. pylori results in the activation of multiple factors, including NF-B (33), interleukin-8 (IL-8) (43), activator protein 1 (AP-1), and mitogen-activated protein kinases (35), and up-regulates CD44 and ICAM-1 expression (12, 13). However, the exact mechanisms by which H. pylori causes chronic inflammation and gastric pathology remain to be elucidated.
VacA ϩ toxigenic isogenic mutant, strain 84-183 (ATCC 53726), which is a CagA ϩ toxigenic strain, and its VacA Ϫ CagA ϩ nontoxigenic isogenic mutant were kindly provided by J. C. Atherton (Department of Gastroenterology, Nottingham, United Kingdom) and R. Peek (Vanderbilt University School of Medicine, Nashville, Tenn.). The construction of the above mutants has been described in the literature (5, 23) . The strains were grown in a microaerobic humidified atmosphere on 7% lysed horse blood Columbia agar at 37°C. After 48 to 72 h, bacteria were harvested in phosphate-buffered saline (PBS) (pH 7.4) containing 8 mM Na 2 HPO 4 , 1.5 mM KH 2 PO 4 , 137 mM NaCl, and 2.7 mM KCl or in RPMI 1640 medium without antibiotics, resuspended to a concentration of 6 ϫ 10 8 CFU/ml by using a McFarland standard kit, and used immediately. Coculturing of AGS cells with bacteria. Subconfluent AGS cells were cultured alone or with various doses of freshly harvested H. pylori (1 ϫ 10 4 to 6 ϫ 10 8 CFU/ml) for various periods of time or were exposed to IL-1␤ (20 ng/ml) or tumor necrosis factor alpha (TNF-␣) (20 ng/ml). For some experiments, Escherichia coli (C-600) and Campylobacter jejuni (clinical isolate) were used as control bacteria. E. coli (C-600) and C. jejuni were harvested as described for H. pylori and incubated with AGS cells at a concentration of 6 ϫ 10 8 CFU/ml (estimated by the use of McFarland standards). At the end of treatment, AGS cells were harvested and processed for the preparation of whole-cell extracts and Western blotting. In other experiments, AGS cells were cultured for 2 h in the presence of purified H. pylori lipopolysaccharide (LPS) (15 g/ml) obtained from four different strains (442, 446, M091, and NCTC 11637) or in the presence of E. coli LPS (15 mg/ml; Sigma). Purified H. pylori LPS (from strains 442, 446, M091, and NCTC 11637) was kindly provided by Anthony P. Moran, Department of Microbiology, National University of Ireland, Galway, Ireland.
Preparation of whole-cell extracts. AGS cells were harvested by scraping and were subsequently washed in ice-cold PBS and collected by centrifugation (1,400 rpm, 5 min; Beckman Allegra 6KR centrifuge with GH-3.8 rotor). The pellet of cells was resuspended in lysis buffer containing 50 mM Tris (pH 6.8), 2% (wt/vol) sodium dodecyl sulfate, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), leupeptin (10 g/ml), 5% (vol/vol) 2-mercaptoethanol, 0.1% (vol/vol) bromophenol blue, and 10% (wt/vol) glycerol and then solubilized by boiling for 5 min.
Western blot analysis. Equivalent amounts of total cell extracts (50 g of protein/lane) were resolved by sodium dodecyl sulfate-polyacrylamide gel electrophoresis essentially as described by Laemmli (24) . Proteins were electrotransferred onto polyvinylidene difluoride membranes in a semidry blotting apparatus (Atto). Blots were blocked with 5% (wt/vol) dried skim milk in PBS for 1 h at room temperature (RT) and then incubated for 1 h at RT with a specific polyclonal rabbit anti-human Egr-1 antiserum (diluted 1/1,000). Blots were then incubated with a horseradish peroxidase-conjugated anti-rabbit secondary antibody (diluted 1/1,000) for 1 h at RT. Immunodetection was performed by enhanced chemiluminescence.
Nuclear extract preparation. Nuclear extracts were prepared from AGS cells as previously described (38) . Briefly, the cells were washed twice in ice-cold PBS, harvested by scraping, and transferred to centrifuge tubes on ice. The cells were pelleted by centrifugation at 1,400 rpm for 5 min, washed once in 1 ml of buffer A (10 mM HEPES [pH 7.9], 1.5 mM MgCl 2 , 10 mM KCl, 0.5 mM PMSF, and 0.5 mM dithiothreitol), and centrifuged (10,000 rpm, 10 min). The pellet of cells was resuspended in buffer A (20 l) containing 0.1% (vol/vol) NP-40 and then incubated for 10 min on ice. Lysed cells were centrifuged (10,000 rpm, 10 min). The nuclear pellet was extracted with 15 l of buffer C (20 mM HEPES [pH 7.9], 420 mM NaCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 25% [wt/vol] glycerol, and 0.5 mM PMSF) for 15 min on ice. After incubation, the nuclei were centrifuged (10,000 rpm, 10 min) and the supernatant was diluted with 4 volumes of buffer D (10 mM HEPES [pH 7.9], 50 mM KCl, 0.2 mM EDTA, 25% [wt/vol] glycerol, and 0.5 mM PMSF). The nuclear extracts were used immediately or stored at Ϫ70°C until required. The protein concentrations of nuclear extracts were determined by the dye-binding method of Bradford (2) .
Electrophoretic mobility shift assays (EMSAs). For binding assays, nuclear extracts (4 g of protein) were incubated with 10,000 cpm of an oligonucleotide (27 bp) containing the consensus sequence of the Egr-1 site (5Ј-GGA TCC AGC GGG GGG GAG CGG GGG CGA-3Ј) that had been previously labeled with [␥-32 P]ATP (10 mCi/mmol) at the 5Ј ends with T4 polynucleotide kinase. The assay was performed in 20 l of binding buffer (10 mM Tris-HCl [pH 7.5], 4% [wt/vol] glycerol, 5 mM dithiothreitol, 1 mM EDTA, 100 mM NaCl, and 0.1 mg of nuclease-free bovine serum albumin/ml) in the presence of 2 g of poly(dIdC) as a nonspecific competitor. The reaction mixture was then incubated for 30 min at RT after the addition of the probe DNA. The binding reaction was terminated with loading dye (0.25% bromophenol blue, 0.25% xylene cyanol, and 30% [wt/vol] glycerol in deionized water) prior to electrophoretic separation of the DNA-protein complexes in 5% polyacrylamide gels that had been preelectrophoresed for 30 min at 80 V. Gels were run at 150 V for 1 to 2 h at RT. Specimens (4-m thick) were deparaffinized and rehydrated through a series of alcohol washes and then incubated with an Egr-1 polyclonal antibody (1:50) overnight at 4°C. Peroxidase-conjugated swine anti-rabbit immunoglobulin G (IgG) (1:50) was used as a secondary antibody and diaminobenzidine tetrachloride was used as the substrate. Bound anti-Egr-1 polyclonal antibody was visualized by the avidin-biotin-peroxidase method (19) by using a Vectastain Elite ABC kit (Vector Laboratories, Burlingame, Calif.). Counterstaining was performed with Mayer's hematoxylin and mounting was done with Permount. An appropriate polyclonal rabbit Ig control antibody (10 g/ml) (Z147; Dako) was used for control experiments.
DNA constructs. The chloramphenicol acetyltransferase (CAT) promoter plasmid pRb containing 1.7 kb of the CD44 upstream regulatory region was a generous gift from Emma Shtivelman (University of California, San Francisco). John Monroe (Department of Pathology and Laboratory Medicine, University of Pennsylvania, Philadelphia) kindly provided the pCAT reporter plasmid containing 1.1 kb of the murine ICAM-1 upstream regulatory region and constructs pBLCD44, pBLmCD44, pBLICAM-1, and pBLmICAM-1. Luciferase reporter plasmids containing the human CD95L promoter spanning the region from Ϫ860 to ϩ100 and a mutant CD95L promoter with point mutations at the Ϫ680, Ϫ180, and Ϫ120 Egr-1 sites were previously described (25) .
Transient transfection. AGS cells were seeded in 24-well plates at a density of 5 ϫ 10 5 cells/ml of medium and grown to ϳ80% confluence. The cells were transfected with 1 g of a plasmid construct carrying the CAT reporter gene (pCD44, pBLCD44, pBLmCD44, pICAM-1, pBLICAM-1, or pBLmICAM-1) by using the GenePORTER transfection reagent (Gene Therapy Systems Inc., San Diego, Calif.) according to the manufacturer's instructions. A transient transfection was also performed with 1 g of a plasmid carrying the luciferase reporter gene under the control of the wild-type or mutant CD95L promoter. Transfected cells were allowed to recover overnight and then incubated for 24 h in the absence or presence of H. pylori. After stimulation, cell lysates were prepared. For measurements of transfection efficiency, 1 g of pSV-␤-galactosidase control vector (Promega) was simultaneously transfected into the cells and the ␤-galactosidase activity was measured.
CAT assay. AGS cells were washed twice with PBS, collected by scraping, suspended in 100 l of 0.25 M Tris-HCl (pH 8.0), and lysed by four repeated freeze-thaw cycles. The CAT activity was determined as described previously (14) . Briefly, equal amounts of protein from different cell extracts were incubated with 1 mM acetyl coenzyme A and 0.3 Ci of D-threo-[dichloroacetyl-1- 14 C] chloramphenicol (56 mCi/mmol) in a final volume of 91.5 l overnight at 37°C. The reaction was terminated by the addition of 350 l of ethyl acetate and samples were vortexed for 30 s. The samples were then centrifuged (12,000 ϫ g, 1 min), and the upper phase was removed and dried in a vacuum. The pellet was resuspended in 12 l of ethyl acetate and resolved on a silica thin-layer chromatography plate (0.2-mm thickness) in chloroform-methanol (19:1 [vol/vol] Luciferase reporter gene assay. After being stimulated, cells were washed twice with PBS after the medium was discarded by aspiration and were lysed by incubation in 120 l of 1ϫ cell lysis buffer (Promega) at RT for 15 min. The lysates were cleared by centrifugation (12,000 ϫ g, 5 min). The luciferase activity in cell lysates (20 l) was determined by using a luciferase assay reagent (Promega), and light emission was measured immediately with a luminometer (Mediators PhL, version 1.6; Diagnostic Systems). The luciferase activity of each sample was normalized for ␤-galactosidase activity and the results are presented as means Ϯ standard deviations (SD) for three independent experiments.
Antisense Egr-1 oligonucleotides. An antisense oligonucleotide plasmid was designed and prepared as described previously (9) . The insert of the antisense oligonucleotide directed against nucleotides 131 to 149 and 2115 to 2131 of human Egr-1 was subcloned into pcDNA3.1ϩ/zeo at the HindIII and XbaI sites. For control experiments, a sense oligonucleotide with a similar sequence, but in the opposite orientation relative to the promoter, was used. AGS cells were seeded in 24-well plates at a density of 5 ϫ 10 5 cells/ml of medium and were grown to ϳ80% confluence. The cells were transfected with various doses of the antisense Egr-1 oligonucleotide or with the sense Egr-1 oligonucleotide by use of GenePORTER. The transfected cells were allowed to recover overnight and then were incubated for 8 h in the absence or presence of H. pylori (6 ϫ 10 8 CFU/ml). After stimulation, total cell lysates were prepared and analyzed for Egr-1 protein levels by Western blotting, or the cells were processed for flow cytometric analysis. The primary MAb, an anti-IE (anti-mouse major histocompatibility complex from the American Type Culture Collection [HB 179]) isotype control (10 l) or an anti-CD44 MAb (D2.1 ascites; 1/100), was incubated with an appropriate aliquot of cells (5 ϫ 10 5 cells) for 15 min. A fluorescein isothiocyanate (FITC) conjugate (1/50) was incubated with the cells for 10 min, followed by washing and fixation in 0.5% paraformaldehyde. Labeled cells were acquired with a Becton Dickinson FACScan instrument and analyzed with Lysys II software. One microgram of a pSV-␤-galactosidase control vector (Promega) was simultaneously transfected as a control for transfection efficiency.
RESULTS

H. pylori activates expression of Egr-1.
To examine whether Egr-1 expression could be induced by H. pylori, we treated AGS cells with a freshly harvested suspension of H. pylori strains NCTC 11638 and NCTC 11637 (6 ϫ 10 8 CFU/ml), prepared total cell extracts, and subjected them to Western blot analysis. Figure 1A shows the induction of the 84-kDa Egr-1 protein in AGS cells upon exposure to H. pylori. A transient increase in Egr-1 protein levels was observed in AGS cells cocultured with H. pylori compared to control cells. The induction of Egr-1 expression by H. pylori was observed as early as 30 min after infection, with a significant level of induction seen at 2 h. Egr-1 protein levels were still detected up to 8 h after infection (Fig. 1B) . The expression of Egr-1 exhibited a dose-dependent response to H. pylori (Fig. 1C) . Moreover, viable H. pylori organisms were required for the induction of Egr-1 expression, as both heat-killed and sonicated preparations of H. pylori did not have an effect (not shown). We further examined the effect of H. pylori isogenic mutants that were deficient in CagA or VacA on Egr-1 expression. There were no significant differences in Egr-1 protein levels in AGS cells exposed to isogenic CagA or VacA mutants derived from strains 60190 and 84-183 (Fig. 2A) . The activation of Egr-1 appeared to be induced specifically by H. pylori, as no induction of Egr-1 expression was observed when gastric epithelial cells were cocultured with either E. coli or C. jejuni under identical conditions (Fig. 2B) .
Since IL-1␤ and TNF-␣ are known to be elevated in the gastric tissues of H. pylori-infected subjects, the effect of these cytokines on Egr-1 expression was examined. The treatment of AGS cells with IL-1␤ (20 ng/ml) or TNF-␣ (20 ng/ml) for 2 h caused increased Egr-1 protein levels comparable to that seen with H. pylori (Fig. 2C) . A maximal induction of Egr-1 protein was observed when 10 to 20 ng of either IL-1␤ and TNF-␣/ml was used. No further increase in Egr-1 expression was observed when larger amounts of IL-1␤ and TNF-␣ were used (data not shown). Furthermore, the incubation of AGS cells with purified H. pylori LPS (15 g/ml) and E. coli LPS (15 g/ml) for 2 h failed to induce Egr-1 expression in AGS cells (Fig. 2D) , indicating that Egr-1 expression was not due to a nonspecific innate immune response induced by bacterial endotoxin.
An analysis of Egr-1 expression by EMSAs demonstrated that the incubation of AGS cells with H. pylori strains NCTC 11638 and NCTC 11637 (6 ϫ 10 8 CFU/ml) for 2 h resulted in a marked Egr-1-induced gel retardation of a DNA-protein complex from the nuclear extracts prepared from stimulated AGS cells compared to unstimulated cells (Fig. 2E) .
H. pylori activates Egr-1 in other gastrointestinal epithelial cells. The induction of Egr-1 by H. pylori was further examined with three other gastrointestinal cell lines (KATO-3, T84, and HT29 cells). These cells were cocultured with H. pylori NCTC 11638 (6 ϫ 10 8 CFU/ml) for 2 h, and after stimulation, total cell extracts were prepared and assayed for Egr-1 expression by Western blotting. H. pylori induced Egr-1 expression in both the gastric epithelial cell line KATO-3 and the colonic epithelial cell lines T84 and HT29 (Fig. 3) . (Fig. 4 ). These observations suggest that H. pylori-induced Egr-1 activity is mediated by the MEK1/2 MAPK signaling cascade.
Involvement of MAPK pathway in H. pylori-induced
Immunohistochemical studies. To assess whether Egr-1 is expressed in the gastric tissues of H. pylori-infected patients, we studied Egr-1 expression in gastric biopsies from healthy donors and H. pylori-negative and -positive patients by immunohistochemistry. The H. pylori infection status of patients was assessed by histology and a rapid urease test (CLOtest). Patient groups were classified as follows: patients with normal antral-type mucosa, H. pylori-negative patients with mild gastritis (noninfected patients), and H. pylori-positive patients with moderate chronic inflammation and focal acute inflammation (H. pylori-infected patients).
Egr-1 expression was significantly increased in all biopsies obtained from H. pylori-infected patients (n ϭ 15) compared to those from noninfected patients (n ϭ 10) and patients with normal gastric mucosa (n ϭ 5). Egr-1 expression was clearly evident for H. pylori-positive patients (Fig. 5A) . In contrast, little or no expression of Egr-1 was observed in antral samples from normal biopsies and H. pylori-negative patients (Fig. 5B   FIG. 6 . Regulation of H. pylori-induced CD44 promoter activity by Egr-1. (A) Schematic representation of the CD44 promoter gene constructs. The wild-type CAT reporter construct pBLCD44 and the mutant pBLmCD44 construct differed by the indicated 3-bp mutation, which abolishes Egr-1 binding at position Ϫ301 of the CD44 promoter. (B) AGS cells were transfected with the pCAT promoter of pCD44 and the CD44 constructs pBLCD44 and pBLmCD44. After stimulation with H. pylori (6 ϫ 10 8 CFU/ml) for 24 h, cell lysates were prepared and analyzed for CAT activity. Acetylated (Ac-chl) and nonacetylated (non-Ac-chl) forms of chloramphenicol were separated by thin-layer chromatography, followed by autoradiography (B) and quantitation by scintillation counting (C), with the results expressed as relative CAT activities. All transfection assays were performed three times with similar results, and the data for one experiment are shown as means Ϯ SD. One microgram of pSV-␤-galactosidase control vector was simultaneously transfected as a control for transfection efficiency. and C). In control experiments, antral samples obtained from H. pylori-positive patients were stained with the omission of the primary antibody (Fig. 5D) or with a rabbit polyclonal Ig control (10 g/ml; Z147) (Fig. 5E) .
H. pylori-induced CD44 expression requires Egr-1. Several studies have shown that the induction of CD44 is dependent on the activation of Egr-1 (14, 26, 30) . To test whether the transcription of H. pylori-induced CD44 promoter activity is dependent on the Egr-1 binding site, we used CAT reporter constructs containing a 550-bp region of the CD44 promoter spanning the region from Ϫ701 to Ϫ151, with (pBLCD44) or without (pBLmCD44) the Egr-1 binding site at position Ϫ301 (Fig. 6A) , to examine the effect of H. pylori NCTC 11638 (6 ϫ 10 8 CFU/ml) on the induction of CD44 expression in AGS cells transiently transfected with the appropriate constructs. H. pylori induced CD44 promoter activity 10-fold more than unstimulated cells did (Fig. 6B) . The presence of the Egr-1 binding site was required for the observed CD44 promoter activity, 8 CFU/ml) for 24 h, cell lysates were prepared and assayed for CAT activity. Acetylated (Ac-chl) and nonacetylated (non-Ac-chl) forms of chloramphenicol were separated by thin-layer chromatography, followed by autoradiography (B) and quantitation by scintillation counting (C), with the results expressed as relative CAT activities. One microgram of pSV-␤-galactosidase control vector was simultaneously transfected as a control for transfection efficiency. Each experiment was performed three times with similar results, and the results of one experiment are shown as means Ϯ SD.
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as the absence of the Ϫ301 Egr-1 binding site eliminated the activity ( Fig. 6B and C) . In addition, the increase in CD44 transcription in these cells was accompanied by an increase in the amount of CD44 surface expression (see Fig. 10 ). H. pylori-induced ICAM-1 expression requires Egr-1. To investigate the relationship between Egr-1 and ICAM-1 induction in AGS cells, we used a plasmid containing 1.1 kb of the murine ICAM-1 promoter (Ϫ1091 to ϩ34 bp) upstream of the CAT reporter gene (pBLICAM-1) or the ICAM-1 promoter mutated at the Ϫ701 Egr-1 binding site (pBLmICAM-1) (Fig.  7A) for transient transfection experiments. AGS cells were transfected with these constructs (pBLICAM-1 and pBLmICAM-1) and the transfected cells were then cocultured with H. pylori (6 ϫ 10 8 CFU/ml) or left untreated. The CAT activity was enhanced in H. pylori-treated cells compared to untreated cells (Fig. 7B and  C) . Furthermore, a significant increase in CAT activity was observed in AGS cells transfected with the wild-type pBLICAM-1 construct compared to those harboring pBLmICAM-1 (Fig. 7B) . This reduction in the transcriptional activity of the ICAM-1 promoter as a result of the mutation at the Ϫ701 Egr-1 binding site provides additional support for the involvement of the Egr-1 binding site in the activation of the ICAM-1 promoter.
H. pylori-induced CD95L promoter activity requires Egr-1. We next examined the effect of H. pylori on Egr-1-induced CD95L promoter activity by using AGS cells transfected with a luciferase reporter construct bearing the wild-type CD95L promoter spanning the region from Ϫ860 to ϩ100, with or without mutations at the Ϫ680, Ϫ180, and Ϫ120 Egr-1 binding sites (Fig. 8A) . Coculturing of these AGS cells with H. pylori NCTC 11638 (6 ϫ 10 8 CFU/ml) resulted in an enhancement of the wild-type CD95L promoter activity, as demonstrated by an increased luciferase activity. This activation was attributed to the induction of the transcription factor Egr-1, as mutation of the consensus Egr-1 binding sites markedly diminished the CD95L promoter activity (Fig. 8B) . total cell lysates were prepared and analyzed for Egr-1 expression by immunoblotting. H. pylori-induced Egr-1 expression was inhibited by the Egr-1 antisense sequence in a dose-dependent manner (Fig. 9) .
Egr-1 antisense oligonucleotide inhibits H. pylori-induced
Egr-1 antisense oligonucleotide downregulates H. pylori-induced CD44 expression. The transfection of AGS cells with an Egr-1 antisense oligonucleotide resulted in the downregulation of H. pylori-induced CD44 expression, while the Egr-1 sense sequence had no significant effect on H. pylori-induced CD44 expression in these cells (Fig. 10) .
DISCUSSION
This study investigated the influence of H. pylori on the induction of Egr-1 in gastric epithelial cells. Since the initial H. pylori-mediated processes that result in primary transcriptional events in gastric epithelial cells in response to infection are not fully understood, we were interested in determining the effect of this pathogen on a representative member of the immediate-early gene family of transcription factors (Egr-1). Given that Egr-1 regulates the early expression of factors associated with diverse, physiologically important events, including cell differentiation, proliferation, and apoptosis (30, 44) , we reasoned that the transcriptional activation of this factor by H. pylori could represent a potential mechanism whereby the bacterium augments, amplifies, or perpetuates, via the induction of Egr-1 activity, the expression of products known to be closely associated with gastric pathology.
In this study, the in vitro exposure of AGS cells to H. pylori strains NCTC 11638 and NCTC 11637 induced rapid Egr-1 expression. The rapid kinetics of Egr-1 induction are typical of this family of early response transcription factors. Significantly, immunohistochemical studies demonstrated that Egr-1 expression was elevated in gastric biopsies obtained from H. pyloripositive subjects compared to those from uninfected individuals with either normal antral-type mucosa or mild chronic gastritis. Also, the treatment of AGS cells with the cytokines TNF-␣ and IL-1␤ increased the expression of Egr-1. The levels of these cytokines were elevated in the gastric tissues of H. pylori-infected subjects. The activation of Egr-1 expression in AGS cells observed in this study was apparently specific for H. pylori, as both E. coli and C. jejuni failed to induce Egr-1 expression. Purified H. pylori LPS (15 g/ml) from three clinical isolates (442, 446, and M091) and one reference strain (NCTC 11637) or E. coli LPS had no effect on Egr-1 expression in gastric epithelial cells. Others have also demonstrated that intestinal epithelial cells are unresponsive to LPS exposure (7, 22, 23) , presumably to prevent intestinal inflammation from occurring in the host in response to nonpathogenic commensal gut flora. However, other types of cells express Egr-1 in response to LPS (4, 51) .
The mechanism whereby H. pylori induces Egr-1 expression is not clear at present. The expression of Egr-1 in H. pyloriinfected AGS cells did not appear to be related to the CagA or VacA status of the strains used. In contrast to our data, previous animal studies demonstrated that the presence of both markers (CagA and VacA) influenced the ability of H. pylori to colonize the mouse gastric mucosa (70% for CagA ϩ Tox ϩ strains versus 33% for CagA Ϫ Tox Ϫ strains) (10) . However, several virulence factors other than the Cag pathogenicity island may contribute to the outcome of an H. pylori infection. Zheng et al. showed a correlation between ulcer formation and strains expressing Lewis antigens but not the CagA, VacA, or IceA phenotype (54). Other studies did not find any correlation between Lewis antigen or Cag pathogenicity island expression and the severity of the disease (29) . Taken together, our results demonstrate that other virulence factors distinct from the CagA molecule could be responsible for increased Egr-1 protein expression, which is in accordance with the hypothesis that other components in H. pylori strains which carry the cagA gene, distinct from CagA itself, are involved in eliciting the inflammatory response (17) .
Taken together, these observations support the view that there is an association between Egr-1 expression and H. pyloriinduced phenotypic alterations to gastric epithelial cells in vitro. It is not known, however, whether Egr-1 expression levels are sustained throughout the course of chronic H. pylori infections. The prolonged exposure of gastric tissue to H. pylori provokes a host inflammatory response and consequent gastritis. The documented ability of H. pylori (31, 35) and other bacteria (18, 48, 49) Egr-1 is known to regulate the expression of genes encoding TNF-␣ (53), IL-2 (6), ICAM-1 (26), p53 (34) , and CD44 (14, 27) , and these gene products have been documented to be elevated in H. pylori-positive subjects. Consistent with these findings, we demonstrated that H. pylori induced the expression of CD44 and ICAM-1 by using AGS cells that were transiently transfected with the respective promoter and with a CAT or luciferase reporter gene construct. The transcriptional induction of the promoter and reporter constructs was dependent on the presence of intact Egr-1 binding sites, as no stimulation-dependent increase in CAT or luciferase activity was found for constructs lacking Egr-1 sites. Importantly, the pBLmCD44 and pBLmICAM1 constructs, which harbor mutations in the Egr-1 binding site, retained the ability to bind Sp1 but not Egr-1 (14, 26, 27) . Therefore, the elimination of CD44 and ICAM1 promoter activity in the respective mutant constructs was due solely to the disruption of Egr-1 binding and not to a disruption of Sp1 binding. Moreover, the functional relevance of these observations was provided by the finding that an egr-1 antisense oligonucleotide blocked H. pylori-induced Egr-1 activation in a dose-dependent manner and prevented the H. pylori-stimulated surface expression of CD44.
Finally, the induction of apoptosis by H. pylori is linked to Fas receptor and ligand overexpression in H. pylori-infected patients (40) . Here we demonstrated a role for Egr-1 in the regulation of CD95L promoter activity in gastric cells. The CD95L (APO-1/Fas) ligand, a type II transmembrane protein of the TNF family (46) , plays an essential role in apoptosis (1) . Mutations at the Egr-1 binding site in the CD95L promoter prevented activation, indicating a role for Egr-1 in the regulation of CD95L promoter activity, an observation that agrees with published data (25) . In summary, we report that H. pylori induces Egr-1 protein expression in gastric epithelial cells in vitro. Given the ubiquitous expression of Egr-1 and its documented cell-specific and tissue-restricted pleiotropic roles in differentiation and proliferation, it is probable that the activation of this transcription factor represents its participation in H. pylori-induced pathogenesis. However, we appreciate that the increased expression of Egr-1 seen in gastric biopsies from H. pylori-infected subjects may be due to the more severe pathology associated with these samples than with those obtained from uninfected individuals. Nevertheless, the presence of Egr-1 in gastric biopsies of H. pylori-infected subjects, combined with our in vitro functional studies demonstrating a strict requirement for egr-1 expression, lends support to the view that this transcription factor may have a role in the infection process. An interesting, but loose, precedent for this is provided by the recent demonstration that murine Citrobacter rodentium infections are accom- panied by an augmented colonic expression of egr-1 (7). However, considerable further work is required to establish a causal relationship between Egr-1 expression or activity and H. pyloriinduced pathogenesis.
